Arriving earlier in the breeding area than his rivals may be beneficial for a male when females mate only once or during a short time span. The timing of a male's entrance is usually determined by the male himself, e.g., through returning early from his winter quarters or through accelerated larval development [1] [2] [3] . Here, we document a surprisingly simple way of ''first come, first served'' in a species with local mate competition. In multiqueen colonies of a Cardiocondyla ant, mother queens make sure that their own sons are the first to monopolize mating with a large harem of female sexuals by producing extremely long-lived males early in colony life. Whereas queens in newly founded single-queen colonies started to produce male and female sexuals only several weeks after the eclosion of their first worker offspring, queens in multiqueen colonies precociously reared sons long before the first female sexuals and even before the emergence of their first workers. These early males killed all later emerging males in the nest and mated with all female sexuals subsequently produced. Our data document that the patterns of growth and productivity of insect colonies are surprisingly flexible and can be turned upside down under appropriate selection pressures.
Arriving earlier in the breeding area than his rivals may be beneficial for a male when females mate only once or during a short time span. The timing of a male's entrance is usually determined by the male himself, e.g., through returning early from his winter quarters or through accelerated larval development [1] [2] [3] . Here, we document a surprisingly simple way of ''first come, first served'' in a species with local mate competition. In multiqueen colonies of a Cardiocondyla ant, mother queens make sure that their own sons are the first to monopolize mating with a large harem of female sexuals by producing extremely long-lived males early in colony life. Whereas queens in newly founded single-queen colonies started to produce male and female sexuals only several weeks after the eclosion of their first worker offspring, queens in multiqueen colonies precociously reared sons long before the first female sexuals and even before the emergence of their first workers. These early males killed all later emerging males in the nest and mated with all female sexuals subsequently produced. Our data document that the patterns of growth and productivity of insect colonies are surprisingly flexible and can be turned upside down under appropriate selection pressures.
Results and Discussion
Whereas males of ants and other social Hymenoptera typically lack weapons for combat and have a limited sperm supply that suffices only for one or a few copulations [4] [5] [6] , males of the ant genus Cardiocondyla are wingless fighters that engage in lethal combat for access to a harem of female sexuals [7] [8] [9] and have lifelong spermatogenesis [10] . In Cardiocondyla sp. from Ulu Gombak, Malaysia, the first male to emerge in a nest attacks and kills all rivals that subsequently develop from the brood either by piercing their notyet-sclerotized skins with his saber-shaped mandibles or, later, by besmearing them with secretions from the gaster tip, which elicits worker aggression that then results in the rival's death. In 60 of 64 experimental confrontations in the laboratory, older males in these ways eliminated younger males. In the four remaining cases, two males coexisted for approximately one month or more in the same nest. Field and laboratory colonies therefore usually contain only a single male. Successful males assumed complete possession of the young female sexuals later produced in the nest. They survived for up to one year and longer (mean 210 days, n = 5), which is the longest life span yet recorded from ant males [11, 12] . For comparison, conspecific queens live for a mean of 402 days (n = 5). During this time, males inseminated all female sexuals that emerged from the brood (30 to 48 female sexuals inseminated, n = 3). Histological analyses of four males of different age classes (from 1 to 64 days; for details on histological methods, see [13] ) revealed that their testes were always fully developed, suggesting prolonged or even life-long spermatogenesis, as in other wingless Cardiocondyla males [10] .
We suggest that in such a situation of extreme local mate competition [14, 15] , mother queens strongly benefit from producing males earlier than other queens when newly founded colonies contain multiple queens. In contrast, early male production should not be advantageous when nests contain only a single queen because she then is equally related to all male offspring produced in the nest. To test this prediction, we allowed freshly mated Cardiocondyla sp. queens to establish new colonies by ''budding'' with 3, 10, 20, or 50 workers each from their maternal nests, either alone (n = 21) or together with a second queen (n = 25). The relative emergence date of males was significantly affected by queen number but not by the number of workers in the set-up budding colony (Scheirer-Ray-Hare test, queen number: H = 25.273, degrees of freedom [df] = 1, p < 0.001; worker number: H = 0.671, df = 3, p > 0.5; interaction between queen and worker numbers: H = 3.684, df = 3, p > 0.1). Taken together, these results show that first males eclosed approximately 8 weeks earlier in multiqueen than single-queen colonies set up in the laboratory (Mann-Whitney U test, U 21,25 = 35.5, p < 0.0001, Figure 1 ). This held also when colonies with different worker numbers were compared separately (3 workers: U 4,5 = 0.00, p = 0.014; 10 workers: U 5,6 = 4.00, p = 0.045; 20 workers: U 6,7 = 0.00, p < 0.003; 50 workers: U 6,7 = 7.0, p = 0.045) and when data from colonies originating from the same stock colony were averaged (see Experimental Procedures).
Furthermore, while in all but one single-queen colony, the first males eclosed from unfertilized eggs that had been laid after the emergence of the first new workers, in 21 of 25 multiqueen colonies, first males developed from eggs already laid before first worker emergence *Correspondence: juergen.heinze@biologie.uni-regensburg.de (c 2 test, c 2 = 28.72, p < 0.0001). In 14 multiqueen colonies, males even eclosed earlier than the first new adult workers. This is in striking contrast to other social insects, where at first large numbers of workers are produced from fertilized eggs, which forage, nurse the brood, and defend the nest. New males and female sexuals are reared from unfertilized and fertilized eggs, respectively, only after their colonies have reached a certain size [5, 16] .
In the Hymenoptera, older female sexuals that have remained virgin may also lay unfertilized eggs and produce males [5] . The presence of such additional ''spinster queens'' in three colonies with a single mated queen similarly accelerated male production (U 3,21 = 2.00, p = 0.010, Figure 1 ). The median emergence date of female sexuals did not differ between multi-and single-queen colonies (U 14,10 = 55.5, p = 0.396, Figure 1 ), documenting that precocious male production is not part of a general change in the pattern of sexual production in multiqueen societies. A comparison of the production of female and male sexuals per colony showed that female sexuals were produced significantly later than male sexuals in polygynous colonies (Wilcoxon matched-pairs test, T = 0.0, p = 0.005) but not so in monogynous colonies (T = 18.0, p = 0.333).
Our data suggest that in a situation of local mate competition, queens of Cardiocondyla sp. adaptively react to the presence of other queens in their nests by starting to lay haploid, male-destined eggs earlier than when they are the only queen. It has previously been demonstrated in several parasitoid wasps, fig wasps, and other species of Hymenoptera, including Cardiocondyla obscurior, that females can increase the percentage of haploid eggs among their offspring when another female is present and thus increase the probability that their own sons reproduce [17] [18] [19] [20] . By producing early, extremely long-lived males, queens of Cardiocondyla sp. similarly increase the chance that copies of their own genes are propagated through both their male and female offspring. This partial forward displacement of competition for mates to a race among mothers for laying the first unfertilized egg adds to the growing diversity of reproductive conflict in animal societies [21, 22] . It also introduces a novel link between theories of local mate competition and animal contest, which in the future might require explicit theoretical work.
Long-term monopolization of mating by a single male presumably strongly increases the relatedness among nest-mates, and one might wonder whether under these conditions competition among nest-mate queens for rearing the first male would not be futile. However, our study corroborates previous theoretical and empirical studies that show that aggression can occur even at very high degrees of relatedness when competition is completely local, except in the case of clonality [15, 23] . The genetic structure of colonies of Cardiocondyla sp. is as yet not known, but according to field and laboratory studies (K.Y., unpublished data) resembles that of Date of emergence (median, quartiles, and range) of wingless fighter males (inset, blue) and female sexuals (red) in colonies of the ant Cardiocondyla sp. with a single and multiple inseminated queens, and of males in three colonies with a single inseminated queen and a virgin ''spinster queen.'' Date of emergence is given relative to that-defined as day 0-of the first new workers produced in the newly set up laboratory colony.
Fighter males eclosed significantly earlier in multiqueen than in single-queen colonies, whereas the dates of emergence of female sexuals did not differ. Female sexuals had not yet been produced in each of the colonies at the end of our experiment, including the three colonies with ''spinster queens.'' related species, in which microsatellite analyses have documented strong inbreeding with the occasional adoption of alien sexuals [24] [25] [26] . Colonies of Cardiocondyla sp. are therefore presumably no clones, despite the observation that a single male regularly monopolizes mating with related female sexuals. Competition among close relatives therefore appears to be the best explanation for precocious male production.
Experimental Procedures
Study Organism Cardiocondyla sp. is an as-yet-undescribed taxon of the myrmicine ant genus Cardiocondyla and constitutes in a phylogenetic analysis the outgroup of all other investigated Cardiocondyla species [27] . Either it consists of two very closely related sibling species, which are not consistently differentiated in mtDNA sequences and hybridize and produce fertile offspring in the laboratory, or it exhibits a peculiar color polymorphism with black and orange workers. As in other facultatively polygynous (multiqueened) Cardiocondyla, colonies are typically initiated by ''budding,'' i.e., young queens are accompanied by workers and brood from the maternal nest during colony founding [28, 29] . Workers of Cardiocondyla do not have ovaries and therefore do not contribute to the male offspring of the colony [28] .
During myrmecological surveys from 2000 to 2005, 45 colonies of ''black'' Cardiocondyla sp. were collected from their nests under the bark of fallen trees in a tropical rainforest at Ulu Gombak, Malaysia. Colonies contained a median of 2 queens (range 0-9; quartiles 1, 3) and on average 29.7 6 standard deviation (SD) 24.2 workers (range 3-120). Eight colonies contained between 1 and 10 winged female sexuals (median 3.5). One single wingless male each was found in 14 of 23 multiqueen and 2 of 13 single-queen colonies; the other colonies, including nine queenless colonies, did not contain males. Colonies might have been incompletely collected. Winged males are not known from Cardiocondyla sp [27] .
In the laboratory, colonies were reared in climate chambers (27 C 6 2 C, 12 hr light/12 hr dark). They were housed in plastic jars (8 cm 3 4 cm) with a 1-cm-thick plaster floor, in which a 5-mm-wide, 15-mm-long, 2-mm-deep cavity covered by a microscope coverslip served as nest. The ants were provided with fresh pieces of mealworms and sugar solution every day.
Emergence of Males, Workers, and Female Sexuals New experimental colonies were set up by budding from ten polygynous stock colonies that had been kept in the laboratory for one to three years. Experimental colonies were started by placing one or two freshly inseminated queens, which had mated in the laboratory and shed their wings shortly before, and 3, 10, 20, or 50 workers each and a few larvae, but no eggs, from their maternal colonies into a new nest jar. Colony composition was checked every day, and the dates of emergence of new males, new workers, and new female sexuals were noted. The development of workers from the egg takes 35.8 6 SD 1.3 days (n = 5), and that of males takes 28.3 6 SD 1.3 days (n = 4). By the time newly laid eggs had developed to pupae, all larvae added from the stock colony had therefore already eclosed to new workers. To be able to compare emergence dates between different colonies, we in each colony set the date of the emergence of the first new worker as zero and calculated the emergence dates of male and female sexuals relative to this date.
The colonies were initiated opportunistically whenever female sexuals were available in a stock colony, and we could not repeat each treatment with set-ups from all stock colonies. Because male emergence did not differ consistently with the origin of experimental colonies (Kruskal-Wallis H test, H 9,46 = 13.952, p = 0.124), all experimental colonies were considered as independent. However, our results concerning male emergence also hold when experimental colonies originating from identical stock colonies are considered as replicates and the median emergence dates per group of replicates (median test, n 1 = 7, n 2 = 8, c 2 = 8.040, p < 0.005) or only for pairs of single-and two-queen set-ups originating from the same stock colonies (Wilcoxon matched-pairs test, n 1 = n 2 = 5, T = 0.00, p = 0.043) are compared.
After the end of the experiment, all queens from two-queen colonies and most queens from single-queen colonies were dissected. This revealed in two-queen associations three queens that had shed their wings despite not having mated. Data from these colonies were analyzed separately. All other queens were inseminated. Whether social-insect queens will produce some haploid eggs prior to mating has apparently not yet been studied. However, the consistent production of diploid offspring in single-queen colonies does not support the idea that a considerable percentage of queens in the experimental multiqueen colonies had been virgin at the start of the experiment.
